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A multivalue recording method based on 
a novel principle using a phase-change medium. 
A recording/reproducing method comprising 
irradiating with a recording energy beam an 
information recording medium having a 
recording layer where the phase changes 
between a crystalline state and 'an amorphous 
state when irradiated with an energy beam so as 
to fuse locally the recording layer and 
resultantly to form an amorphous mark when 
the fused portion cools and solidifies thereby 
recording information, further comprises 
controlling the size of the amorphous mark by 
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reflected from the region irradiated with a 
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ii-^tUTfe^o Sfc, 08 (b) g| (a) *»^sa«/^l/^EIfflt jSUfEHI 
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fc©Jt*Mufc«iT?.*3. m8 ( C ) i^^ci^u^i^ib^t 

fcfllT'&So 08£;fc^T*K husBIbMSH^ Pe^PwCItMtiltbt*, 

»xRvmm&mztiz£m?zztb-ajmT~$>2>&, ms (d) t^tai:, 

>Tw 2 =T w 3 =Tw 4 = -..= Tw„t UTSSrJSOffi»^;i/^EK(5!)^SS»t: 
Tb n >Tb,= Tb 2 =Tb 3 =-=Tb n _ 1 tbti^©I»fEPI©^ 

^ -r w 3jn -c & s o i9 <d mm j ^ - >&m i \z &v %> tmn u -mm tmsiz 
su^cD^mim^n^m^, 8x8 = 6 4»d ©gaa/w*^*- 

ft*. ffigfbJfeiBS. ^^^-^S^WiBStiiiV^T^SWT-^soMWo 
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*«fc»W^kftt,TU*^ki»fts©T, Tstt(l/4) r b U±£ + 

a, Pw^H^^o^^-Pbtu to, pw, pb, aa«^/u^ 

KUBOSH M/X«iEPI©I^§^^^50^ »J»©$S*©iS-e " 
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f-***ft*ftDa (XX Do (%) m«,De-Dai50Xfc ft « 

*«^*OW*L^ RcfcRa**,«m*«L (m + l) 

^iMtff^, (Dc-Da)/ (m+1 ,^5 
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l^KBfc^Mu ^fr^SEIB-eoPwtPw,, *©JMfKIIBft T,', *lfc 
^ (r, + r 2 ) © , r-a--7-'f-J±*To©««irtK:*^T*-fb*-e-T*»«k^ 0 z 



n 
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£3©T% ^©^ H B aS-7-^®iliJ«IttJaffe5o -ffiS 
±§3^-7^ — Jfc-S\ Pws Pw, Pw 2 . Pb^$:MiE-rs^i:*)^Sl375: 

fciBSfflji ^;i/^r- tr- a lt ia^« £ tsia-r s - ^ c <t o xm^mm^ 

(SPIE> Vol. 3109(1997), pp98-104) ^(Z J; o T^£*lT ^ -So 

^H¥8 - 2 3 6 6 9 3 ■S&SRfcgBtt***** £fcs -l3»U^;uEH©S*iJ« 
S4ffl3tK-A0gr b ttT©*^<D|f^aa:, T^'J*^^5, 8 18, 

8 o e^wmmiztmztiT^Zo 
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t5o mnmmit. & nte&fo&Wis^tt&&3&&<DW 

a&SMLisaaBffl^?— Pw&aifctt (iS«EW) tHBtJbfcWfcfcw&^fcff 

8MMbbT bl;K Hffi^ijttSH^^bSJ^i O+^-fgv^SJS^b^WSb^ 

e> ©/s^fiJcfitc «t o t m^-r s * © i?m £ u ^ o 

^{fe>tL5o b^*f»fc Itli, ttSjfe«BJ58«t t)ifl#J{cSb*^tottS 

«fc 9 HftciftfcfcfcS b 0 . 6 T e 0 . 4 *fljS«fc !) S b £^*f 2^£r 

*l;ib. 6l3^n^®Mt bTs I lis Ga. Z ru Ge, S 

iu Si. Cu. Au, Ag, Pd. Pt. Pb, Bi, C r. Co. 0, S. 
N. Se, Ta. Nb> V, Z r> H f RV?%r±M&m(Do *><D>J>te < h & 1 M 

^^w^-a-fe^©T*feSo z.(D&otemm±m.n, m x (sb y Te,_ y ) ,_ x (t 

JSU 0<x^0. 2. 0. 6 ^ y) ±H3y t Lttttf £ b < fcfc 0 . 

65^yg0. 8 5T'$>So ±B3x £ bt(i$f £ b < 0 . 0 1-0. 1T*&£<> 

x#*g*-g?£fc;tB#«£8S£-r<S£fc* , *5o iinilMtutii, ±13©* 

t^iAgx In. GaMGe, G e tPfeS. b'K 4$£. Ge^Gei:Sb 
£T e h©^It*{3>PfbT 0 . 1 - 1 5m^-%mmu?LtzG e. Sb&tfTe£ 

(M' til nRXf/5lt±G a. a=0. 001-0. 1. /? = 0 . 001-0. 
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15, r = 0. 65-0. 85) fcSilflja-e^Sftaj^&Ge, Sb, Te, 

icfc, Ag, In, SbS^Te^^tf^^^,y^xu^;U*Jfg^CDT% 
^ iS-CO^S^MrSfeto, IfAg, In, Sb&tfTe©£rIt 

at-M— ^-f j, RTtifcffl£fcg3»«*mi: UTJ£ < *D<~>ft-C<,N S, Ge 
Te-SbJe 3 HK2Sim SfeSftiSJft T c *» 1 5 0-2 0 0°C-e&D, 
Tc^oM ( 6 0 0°Cmf^) jftfgj; »? 5 0- 1 0 0 0 C<g^Hffi7f©^ 

w± -e m& mx t t: u & #*u±\ sfginb n u * ^ c ^ ^ v n 0 

fcttHitT?*3£i:#£Mj&j % Wmiaot|Mbf#5, £©BSx IB 

8»&»»-rai$Batt^flffl«jT! 1 ^ y8>sftwT©^st-r *©*?»* 
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±3B©«&ilftJlfll2c-5-a.3fcttu SWi*» 1 0 0 - 3 0 0 /znu ^ffltf 1 ~ 3 a 
mtll^lfe, 0 0- 1 0 0 0 nmgJft©SEm**«ll#U— If— 

b, J§iM;&[pj£;tfi#|p]£ UT> 1 — 1 Om/s 

iBHicS^ttlf lOOnmWT, b < (i 3 0 nmJUT £ ^H5o gB» 

if lnm, l?ll<li5nmJ.m^5. %> Jf^-Kite^ > 

^^>(-s fyfBR c £R a (Rc-Ra) /Rc^O. 5W±t*5J:a& 
h^X h to £fcj:3IPglJil 0~3 0 nm^iftU^o v — 

§3^Jf ©SMtes ;*;i/^m&pcD8 0%W±T-& 6 b<. 9 

p=2mipi"' (1) 
(fceimiii^i©I?°/os p i fcfcfifc# i OJE^M) 

(Ar^<D##*) <DJ£±i*<&< -TZs y MEfflfca£JgbT*«£ 

IBB-rs^bT. gB«JBK:fiai**n*K3i*;mf-Ar*&^< TSOtf»* b 
lN 0 Sai^;u^— A r y#<Dtc8>£.9—>fy h CllJ^tlS A r -Y # 

)\s*c—(Difctf7,<DmM%i$k%: atomic peening ^ ? « -MCffll>^5A 
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r #XT*©X^y *T*fcJ: Atomic peening^i^Cc & A r 
ti2>° WfflA rMlz <fc *K Atomic peening $JlH£ji;ji* £ £ £: #m3fc£ 0 
-r&*>*>. Aritf^lttii^ Hx*;^— ArSB#»*#<i>fc^£fc£* 

h&£-?>-tM (J. Appl. Phys., Vol. 78(1995), pp6980-6988) o 
iB»»^©a^&ArfittO. 1~1. 5If%t-feSo ffi$fEX;^y 

S^JSJffi^^nso-e^* LUo IbFBSIC 0, N, S, Se40. l~5Jj§C^% 

SB&M (SSfj:) 2 0 0/IESJ13 0 0/±£P{£MJf (SS*<*0 4 0 0/&.M 

■totll (§in-M6 0 0) t§ct^HOo 
±HE®afiJc tt ^ il Sate & ^ b T IB«B4feffl # K - A * »t f S £ 

£Mf-r 3 £ ft S o 
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*—>ty h&i^— friz mm. L & j >mm-emBi&$:ft -5 z. 
wm<o±T\zumm^mn, -2j<D&mmmmmiztt? s^nosits 

»^©^ffl(3j;D> fflw^mte%i?izmm*mi@ii ) fccDmm*m&v-D'D, m 
nm<. ztz, mmm&*g-rgxmmzm?z>^v-&^&mz*g < &s 

©Trjiffm 5 nmW±-e*>€>o 

SMt5o^f,(:*fSl<i±ZnS, ZnO. T a S 2 Xtt#±^S£Yb^£iji$!i 
L < ttS^ J:lt5 0-9 0mo 1 L- < 1 0 0 

Ce, Nd, Y^(D^±m(DM^ 6 0-9 0 m o 1 %<§tsW.&mmfo&&%. 
Ul^ ZnS, Z nOX«#±^fb^©iga^CD$5ffl(i7 0~9 Omo l%*s^ 
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&®JttmtVT&, Mg, Ca, Sr. Y, La, Ce, Ho, Er, Yb, T 
is Zr, Hf, V, Nb, Ta, Zn, Al, Si, Ge, Pb«®|ft«, 
SHb«K Iftftttafl^ Ca, Mg, LifC7^Wf(f^5 0 ZnOt*g 
**ft*^S*m*LTtt, Y, La, Ce, Ndf^Cf ±i©Ittj fe{± 
*ft*fc»fls*©«S^*W*U^ 0 dtiecDMtl, Kftfe afcfe ftfeft. 

t^5^J:tfii«©jS^^JLKThin Solid Films, 
*2 7 8# ( 1 9 9 6*) 7 4~ 8 1 ^-$;) 0 £*M«tt*jKftttt>£«£fc: 

^;i/^i&aEpfcL-T?fc©s; (i) <Dmm®&*m^z 0 

P=2mi/oi — ( 1 ) 

(mi :#^i©^;u^ s p i : 

SW*©#«fcLTtt, Al, Ag, Autl«^r 5 ^ ffS!l/K ^ 

mm? $> z & &&&& s £ f s - 1 #t- £ s <, 
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ffltt^'fflffirO. 1-0. 6Q/Dffe5 0 

fiWItf«i:U^LUAl^fcu ttt Ta, Ti, Co, Cr, Si, 
Sc, Hf, Pd, Pt, Mg, Zr> Mo, Si, M gRUMnfrt>tezmfr 
fe*ttftS'i>ft < £ 6-&<Z>SJD7ctt* 0 . 2 - 2ig^%^$f A 1 

itD^TOi^^i.^^^^ (B*£jR«?l6 % »5 9# (l 
9 9 5 ), P 6 7 3-6 7 8*>, J. Vac. Sci. Tech., A 1 4 ( 1 9 9 6), pp. 
2728-2735 30 o «JD7C**#0. 2 tt, iffcD^tefct^ 

ZnSmt««iifc«tSl^ TaM^O. 5-0. 8J*FX©A 

1Ta ^ ^e#atscD^T*/^>^^<«fjers®-e 

-Mg-S i^fcit-cTs filll/-h^30~4 0%^y 7? Z £.\,^m&± 
iiaAl^glfitutffil^^ »*b^KJP(±5 0-3 0 Onm-C 

U-C#*L^Ag£-&fcLTBU Ti, V, Ta, Nb, W, C 
o, Cr, Si, Ge, Sn, Sc, Hf, P d, Rh, Au, Pt, Ms, Z 

r, MoXWMn*ftft*»frs«tfnS'i>ft<4:*-«eDaun7£*ft0. 2- 

Tii, Ti, MgSt>'P d^iff^ U^o 
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±'ffi©Ag^£&£WjBfcLTffl^S«^ x »*UV>j«J5fcfc2 0- 1 5 0 nm 



WO 00/25308 

36 

1 

ftftiifiJSJBCJioT, h^^u^l. 6//m N MO. »3 7 

±{-x (ZnS) 85 (S i0 2 ) 15 fribWLZ 1 1 0 nm©TfiBfiftMK Ag s I n 5 S 
b 61 Te 2} ^P,fi851 7nm©ffi£ftiIiSa»Ss (ZnS) 80 (SiO,) 20 ^?>fig 
546 nm©±gp&ajf, a 1 99 . 5 T a 0 . 5 frtbWLZ 2 2 0 nmOS»f$^^ y 
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mCi)tbfc$g8 3 0 nm(D*m>fo\s-*?--yt*mM ,*£jg 2 . 5m/st 

8 0nm, NA=0. 55) M^2. 4 m/ s lz&\,\xmftlzimm£ 

M&Jjfalzi. 2 7/im, -e©SiS^(p]{3 1 . 2 3 //m<D^P3ff^t?$>ofe 0 S 

l/^Wl/OM*/^ — P e = 6 . 5mW©l/- If— \± — 2±%mM? 2> Z\ £lz £ 
otSIl/^;i/tttf#fc 0 i©l/^;H±I3i; < !7-Pw= 1 3 mW, ;W7X 
^7-Pb = 0. 8mW-eiH7 (a) ©a&i^*^*->£^b£-&£ ci £ £ J: 
oTfffco CdT'. fBM^W — 1 3 mW© U-if-4!H»t8^^i* T w, 
;W T^W — P h(Dls— if— £J$t*-r5l2:^<£>ipi£T b J: UT, TwMT b 

mm\Zm<Dm±TwtiT b£— *&fcU N (Tw+Tb) 3 
1 4-5 0«J&eDt6H-CNCD«c£»i«5Ufco 
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1 





Tw(ty#) 


Tb(t;#) 


0 






1 
1 


1 0 


1 0 


2 


2 5 


1 5 


3 


2 0 


1 5 


4 


1 5 


1 5 


5 


2 0 


2 0 


6 


2 5 


2 5 


7 


3 5 


3 5 



«©S^»[^*ffi*UfctS«*iai 3-1 6l:*t. 1 3 mW (Ell 5) <Dm& 
tz8l"<)],tfiWteiz&mt<ti1ztfi, Pwl lmW (Ml 3), Pwl2mW(ll 
4) StfPwl 4 mW (016) fl±R ci£^fe L < tiR afi§T*tf 

*K£3f&Bfc**©ai*af*&< % wii^t^K^t^o * 



PCT/JP99/05881 



WO 00/25308 



39 



PCT/JP99/0S881 



5t§, Pw 2 /Pw,= 12/1 K Pe/PwrO. 5 -C^tl^tl-fet IT 

01 7-2 l£^fo 04^M-e^£*iTO£ <fc?{c s 01 7~2 1 £^ 

tl^iXCD^J-effiffl UfctE^ffl tT— A(DPw„ Pw z MPell Pw/Pw/P 
e ^aiBt-Si:. JUtc 1 1/ 1 0 . 1/5. 5> 1 2/1 1/6^ 13/11. 
9/6. 5, 14/12. 8/7> 15/13. 8/7. 5 (IffimW) "5»5, 
HI 3~1 6 iC^1-«^fCi±^TPwc2^b£ttLT<fc !3J£l>$&ffl(Pw 2 = 1 2 
~ 1 4mW) T-Wmte8mis^)l&ffi.mgtiX^2>Z.£&ftfrZo 

Mtiitftmz&iT, h^vtVv^O. 7 4 Am. mm 0 . 3 ^m. ^^3 
5 nm£> h ^ v ymm&Mf&lsttmif 0 . 6mm<Dtf V £ — hHJJigS 
«±lix (Z n S) 80 (SiO,) 20 *>£>fi£S 6 4 nmCDTTOSIJf ^ G e 5 S b 69 T 
e 26 fr£f££> 1 8 nm©ffl£ft;SiSa»JBs (ZnS) 85 (SiO,) is #>£>f#£2 0 
nm<a±SS««JI N A 1„. 5 T a 0 . s 5> f£ 5 2 0 0 nm<DK§}Jf * * ffit 

StU aa«lfbt403SI^«aiKYbS«*»J (V--^^;bSK7 00 0 ) (CTBB 
SjBiS&rtffiiJfcUTflfiD IS^l7 0//m, ^Sl^) 1 /UmCi)t 

tfell^8 3 0 nm©^f*:l/-1f-)t$^lf ^3^2. 5ra/st-» 
flfc;££bfca*£We©g3fM4i|gSfb' («Hb) Lfeo 

I3»ff£M»3H:* ^r^ttiDDU 1 0 0 0rX^ (?SI6 3 7 nnu 
NA=0. 63) SrfflV^ 3£&2. 4 m/s C j3VAT»rttCi3»S5&*firo fc Q 
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V — 7mW. b^;i/6. 7 fc*rr Sffli^ny — * 1 3 mWi: U ± 

T©»^fc:*il^TPb= 0. 5mWHT> & 2 CD UTEI 

Eia©g£TH:4 OOtyfl) (v-^7ft0 . 9 6//m) T'B&^/££Lfco 
ffiS/^l/^EHatrjttKEraofta:, TwiTb4-«CU N (Tw+Tb) 



2 







Tb(t;#) 


0 






1 


1 5 


1 5 


2 


2 0 


2 0 


3 


2 5 


2 5 


4 


3 0 


3 0 


5 


1 5 


1 5 


6 


2 0 


2 0 


7 


3 0 


3 0 



132 214, ±gB©HeJM&e>ftfcS£«Bt?ifc3o 
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IJWWgtioTh^irwi, 6//m, 0 . 5 urn. i^3 7 

nmcD h * LfcJP* 1 . 2mmt©#ij t Wm 

*±fc, (ZnS) 80 (Si 0 2 ) ,^*tf39 2nm©T*«»i, In 8 Ge 5 S 
b„Te M iP^dSsi 9nmClMII3if, (ZnS) !0 (S i 0 2 ) 20 fr*,^ 
S 3 5 nm©±»«3MK A 1 M . 5 T a 0 . s fr&tfs 2 5 0 nmOfi»lt^;t y 

0«II^t> 3 -h^^ MUco »7 0//m, 

umlzm*\,tz®A8 3 0 nmC^ftv-if-^joomW^Snm/s 

3£>&&ttJrS K7 19 4C«LT^5„ 

SBfcSSEfFfHitCfcJ:, ^Mr^tlDDUl 0 0 O^rX* 8 0 nnu 

NA=0. 55) fcfflv^ ii4. 8m/sfc*^Tffi*B£*ff-Dfc D ±B3t 
■ tt»*»7 8 0 nm®b-if-tNA B 0. 5 5©b >XTfil*U Sficft* 

0-5 OmmO^IC^otv **«K:****ifc*±fcii3ft*K-Atfj|H 
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-ttt, $ft&&4. 8 m/ s t-A ^MWM^^fco ±83 tT— 

So dc7)-5*>, lM^lts !3S^7-sairbtN P b = 8 mW^7- izlft 
PITb^ffiT^ftfco Pbtt+#f;:/h£<, 3B»JiH:Hffl-e©«gSflsSaEJ:») 

027-32, 03 3-3 1-4 6 fi8»/^ — i/SWSIirjteSi 

j^cD^i&^^ufeo ttfflt±i$iiatt-e<fe£. ««iT®i±J!8i*i/-ifw<«7-*pw 

fcffl*«ffit&-3T^«. >^{t-*f U^l'JPfft^fc^&P b, m>fct?tt 

StffiBi:igj«fcfci:-3TV>So t^t, /W-Pb©^t-A^^Tbg(«t 
l^»i#mft;fctt!l8T?tfttii£ftT^So 

-02 7-3 2 lz, a5SffiBJZ*5l^-CPw-»'PbJCl»RFK:ffiT^"e'TJW»t±Pb 

Tb=200nse ct-^tltPw^tfb^tfc^O!iSM/^->i:Slf 
M^^03 3-3 8{:^to ^CT% Pw^PbfiDlJJDi^CStsm r 
iz-if-*^ 1 ?— ©S:-fe±A*t)«fHH:IR*i2^-y«>gJ6«tD«<s 56 *f 
WKfJC^TUT^Sa^ft-frSo 02 7-3 2 &tf0 3 3-3 8 {£, ^ti^til 
JcPw=7, 8> 10. 12, 14, 1 6 mW^MUTV^o f5fn®8^*, 

02 7 — 3 2tc:m^TPw#8mWJJ*±©»-&'K:;£W\ Pw-»Pbi:U 
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fcfc^Ttt. H2 7-3 20*^H3 3-3 80a^ 

oTV^itSSbt^S. -©Stelifc©*^*® 3 9 0 4 0 fc:«ta;i»fc: 
H3 9«4Pw<P6Pb^fcfiT**fc**fcbfe«^Tfft5. Pwfl)^ 

H4 0fctt^ PwMTb^PbfcU fitftttSVPwfcR^l 
<*#tt. -O»^fcttB«[aft**2fe:ftt J TV^^-eH3 9(0»^fcH« i o 
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<b£ttTS|gg<fbfHjK2 
H4-l-4 6Ctt, Pw=12mW, Pb = 0. 8mWT— ££LT, Tb4 

itTb=10 > 30 ^ 50 > 1 0 0, 2 0 0, 4 0 0^Wit«U^o 

Tb#2 0 0^y^±T-{iBS-^ 2 :^ oTv ^ cli; ^ 36lSo 5% 
T b #m 2 0 0 ± J »«TO tt, Pw^Pbt £<b -T 5 fitt® 
-tt©*##iiSNbiSf*u fro, ^Bto7;t7-PbMgF^Tb^S 

^TiBUjf g#®#«r£ r eBSMB^bj £-»JBlLT, ?ffeii<fbfttt&&ij 

fc*. H2 7-3 2, i3 3-3 8Mi4 1 - 4 6 fc*SW*fiftf#3B*iST 

0. 0 l^m^^l^m^B^M^-^T^Sc^^fiS^u^o 

^-f**tt^aSSfcj£v^«ftUTV^. TEMfcAftfcf. -«* 
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±mmm(Dmte*m\,\ Pwau<pb© 2 rga^jg 

Sfcj"*«fflUfc^ffii3»fcK*fco £<ORU Pb^BSMMTbGDgHbfcJ; D 
±iB©H3^^t-Ao^ MjS4 . 8m/s, tmu^)\,[K®T <Dm®&) 

to^tiTZ^ Pv*mMKm<Dm& (%) tU^btl^o Pw. PbGD2|£P£ 
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^JfS#J4 

3 0 nmo h ^ o . 6 mm<D* y hm 

**±fc, (ZnS) 80 (SiO.) „*6«868nmOT««M, In 5 Ge s 
Sb ss Te M *^5i8nmOffiMM (ZnS) 85 (SiO,) K frft 
^2 0nm W Il, Al 9 , s Ta o . 5 ^^2 5Onm0M^ * 

ftfi»7 0 tf m, ig^l/zmlc^bfeTOsaOnm© 

IW4|fflit ^ Wf^tlDDUlOOOr^ (ttJttt6 6 0 n 
m, NA=0. 6) *m»s ^13. 5 m/s fc*^T*rtCffi«li£ftfTo feo 

05O( - I3«^7-Pwftl 2mW, /W77/t7-Pb40. 7mW^L 
™®«»"*->*IB**fffc^fc. Pwl3mWfcP 
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bo. 7mwo2^7-^K Pw^-T-mm-rzim^uxtzmt 

E»U^KIH4: Lfc 0 . 3 8 5/zm). H5 2ttffgh^*^tB 

tt T o * 8 0 £ LT 3B« UT O 5 Of, fB« 1/ ^ EP^CDft^ 8 T o = 8 8 
0^^»fc*ftfili:*m**. Tfcfet^ E»l/-c;i/KBB36»3. 0 8^ 

fi»*ai]*©ffi^BS*e,, L1B27. 3%, L2(±36. 4 % s L 3 {£ 4 5 . 
5%, L4li50. 0% N L5I±54. 5%, L 6 fcfc 5 9 . 1%, L7tt-63. 
6%> L8I±68. 2%. L9i±72. 7%. L 1 0 fc* 7 7 . 3%, L 1 1 tt 8 
1. 9%. L12K86. 4%, L 1 3 (i 9 0 . 9%T?*5. TEM 

Tftt, *n*no*aft^-irttia3 9c^-rj:a i ft^a83gtt ftUT j3», v ^ n 
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